Background: Early identification and entry into care is critical to reducing morbidity and mortality in children with HIV.
Introduction
Within the past 10 years, great progress has been made in the prevention of mother-to-child transmission (PMTCT) of HIV infection, early infant diagnosis (EID) of HIV and care and treatment of HIV-exposed infants (HEI) and HIV-infected children (HIC). As currently available PMTCT strategies capable of reducing transmission rates to less than 5% are possible even in breastfeeding populations, UNAIDS has declared a goal of ''virtual elimination'' by 2015 [1] . High-burden countries are steadily expanding access to EID utilizing DNA PCR testing [2Á4] . With the increasing availability of cotrimoxazole prophylaxis (CPT) and antiretroviral therapy (ART), outcomes for HIC have dramatically improved, not only in developed countries but also in resource-limited settings [5Á7] . Over 600,000 children are currently receiving ART globally [8] .
Despite these advances, considerable challenges remain, with the most significant being access to care. HIV-infected infants suffer from rapid immunologic deterioration, disease progression and high mortality without early ART initiation [9, 10] , yet only 20% of HEI in resource-limited settings receive an HIV test [11] . There are an estimated 3.3 million children infected with HIV, with 1.9 million needing ART [8] . Strengthening case finding and prompt entry into care is essential to ensure these children benefit from life-saving care and antiretroviral treatment services [12] .
Improving identification and enrolment into care is also critical for older children and adolescents. Up to one third of infected infants have slower progressing disease and may survive into their teenage years without treatment [13] . There are few venues or opportunities for identifying older children, with the majority not presenting until they are clinically ill, increasing mortality risk and compromising treatment outcomes [14, 15] .
Community-based HIV testing has been proposed as one strategy to improve paediatric case finding [12] . Results from pilot programmes suggest that community-based testing is acceptable and feasible, can reduce disparities in access to testing services and is cost-effective for increasing HIV testing among previously unreached populations [16Á19] . Homebased HIV testing, compared to voluntary testing and counselling and provider-initiated testing and counselling, can identify symptomatic and asymptomatic patients earlier in their disease course [20] . Task shifting with use of community health workers (CHWs) and lay counsellors for communitybased testing is especially suited to settings with limited human resource capacity [21Á28]. However, the majority of programmes have focused on adults [18,20,29Á34] .
The Baylor College of Medicine Children's Foundation Malawi (BCM-CFM) is the largest provider of paediatric HIV care in Malawi, with over 20,000 patients enrolled at the Clinical Center of Excellence and satellite clinics. In 2007, BCM-CFM partnered with the Malawi Ministry of Health (MOH) and Lilongwe District Health Office to initiate an outreach programme, called Tingathe (meaning ''yes we can'' in the local Chichewa language), which utilizes CHWs to improve uptake and utilization of PMTCT, EID and paediatric HIV care services. The objective of this report is to summarize these efforts and examine their impact on identification and enrolment into care of HIV-exposed and -infected infants and children.
Methods
Setting and patient population This report describes Tingathe activities from 2007 to 2011 at three MOH health centres in Lilongwe, Malawi: Area 25, Area 18 and Kawale. These clinics serve a combined catchment area of close to 500,000 people, with 12,000 women attending antenatal clinic annually, and an antenatal HIV prevalence of 10.1% [23, 35] . During this time, there was no nationally established programme to systematically provide pre-ART care for HIV-positive persons or -exposed infants.
Programme phases Three programme phases are described within this report ( Figure 1 ). as active case finding of patients. Details of the Tingathe intervention, including how CHWs were recruited, selected, trained, supervised and remunerated are summarized in Table 1 [23, 37] . All CHWs were trained in HTC, utilizing rapid antibodybased testing. CHWs conducted both health-centre-based and home-based testing. When the programme was initiated, testing was restricted to the health centre. As counsellors became more proficient in HTC, they began to solicit referrals for home-based testing of untested family members of current ART patients. After several months of referral-based testing, door-to-door testing was initiated. The majority of testing was conducted in either the home or health centre; with some additional testing conducted in other venues including community sensitization events, orphanages and youth services facilities (grouped under the category ''other'' in the analysis).
All of the children tested by Tingathe CHWs had an indication for testing such as a parent being infected, being an orphan or a specific request from a guardian for testing. Adults were usually tested first, and only if the parent tested positive were the children tested. If the mother was uninfected and there were no other indications for testing, the children were not tested. Children older than 18 months were tested with antibody-based rapid tests using fingerpricks. Exposed infants under the age of 18 months were tested using DBS for HIV DNA PCR testing through the national EID programme. Consent/assent for testing was obtained according to MOH guidelines [38] .
CHWs also attempted to identify children with known HIVinfected status who were not in clinical care, a process we referred to as positive linkage. Positive linkage was based on the premise that many guardians knew that their children were infected but were not aware that services were available for infected children. Strategies for positive linkage included asking adult ART patients if they had HIC and checking the status (by asking guardians and checking health records) of children at potentially high-prevalence settings such as tuberculosis and outpatient malnutrition clinics, as well as orphanages located within the community [12] . If they were already known to be HIV-infected but not in clinical care, Tingathe CHWs supported their linkage into clinical care.
CHWs were not only responsible for identifying HIC but also enrolling them into clinical care and providing adherence support. When children and adolescents with HIV infection were identified, they were enrolled into the programme and assigned a CHW. The CHW would follow the child at home and in clinic to ensure that he or she enrolled into care, maintained good adherence and received all available services including clinical and immunologic staging, CPT and ART, if appropriate. CHWs utilized one-page patient mastercards to document and track clinic appointments, home visits, services utilized, new diagnoses and test results.
Clinical mentorship by Baylor clinicians continued during this time period.
Tingathe-PMTCT (T-PMTCT): March 2009ÁFebruary 2011
During the T-Basic phase, it was noted that effective linkage of HEI into care was still suboptimal. Therefore, in March 2009, a PMTCT component was added that assigned CHWs to HIV-positive pregnant women at antenatal care. CHWs supported mother-infant pairs to access all available PMTCT services including CD4 testing, initiation of ART for the mother, provision of ARV prophylaxis for the child, testing and diagnosis of HEI, counselling on infant feeding and enrolment of infected infants into care. They followed the women at their homes and at the health centres, from initial diagnosis up until cessation of breastfeeding and final testing of infants, with either negative diagnosis and discharge or successful enrolment of infected infants into care. HIC were followed regularly to ensure that they were receiving appropriate services. Full details of this PMTCT intervention are described elsewhere [23, 37] .
All the activities of the MO and T-Basic phases continued during this time period.
Study design and statistical analysis
We reviewed routinely collected programme data from patient mastercards, clinic rosters, PMTCT registers and HIV testing registers from March 2007 to March 2011. All data were de-identified prior to analysis. The overall objective was to assess the impact of Tingathe activities on identification and enrolment. Four main outcomes were examined: 1) Identification of HIV-positive persons via HIV testing efforts. Data from HIV testing registers were analyzed. 2) New enrolment of HEI and HIC into care. Clinic enrolment numbers and rates were calculated from clinic rosters. For clarity and to prevent double counting, all patients were categorized as either exposed (HEI) or infected (HIC) by their status at enrolment. Even if a HEI was later determined to be HIV-infected, he or she was not included in the HIC group in this analysis of new enrolment.
3) Changes in patient characteristics. Patient level data (age, gender, PCR information) from mastercards and clinic registers were analyzed. Clinical and immunologic staging were determined using WHO classification guidelines [36]. 4) Total enrolment and mechanism of identification of HIC.
For this analysis, in addition to all patients who were HIC at enrolment, those who were HEI at enrolment, but later found to be HIV-infected with a positive PCR, were also included. Patient mastercards and registers provided information on mechanism of identification.
Aggregate data were reported as mean with standard deviation or median with interquartile range (IQR) based on normality. Continuous non-parametric variables were evaluated with the MannÁWhitney U test. For categorical parameters, data were reported as raw value and percentage of the respective group. Analyses were performed using IBM SPSS Statistics (version 19; SPSS, Inc., Chicago, IL, USA).
Ethical review
Both the Malawi National Health Sciences Research Committee and the Baylor College of Medicine institutional review board approved this study.
Results
HIV testing using antibody-based rapid tests During the three years of the T-Basic and T-PMTCT phases, CHWs conducted 44,388 rapid HIV tests, 7658 (17.3%) in children aged 18 months to 15 years (Table 2) . Testing strategy, testing numbers and number as positive identified did not change during the two programme phases. Of the 7658 children tested, 351 (4.6%) had a positive rapid HIV antibody test. Health-centre-based testing demonstrated a significantly higher prevalence of HIC than home-based testing (12.4% vs. 3.0%; pB0.001). However, four times more children were tested through the home-based strategy, resulting in roughly equivalent numbers of HIC being identified (163 vs. 159). Table 2 describes characteristics of children aged 18 months to 15 years that received HTC through the Tingathe programme.
New enrolment of HEI and HIC During the MO phase, there were 42 children active in care at the three centres. Of these, 38 were HIV-infected and four were HIV-exposed.
During the T-Basic phase, 238 HIC were enrolled at the three clinics, a six-fold increase in rate of enrolment for HIC from 3.2 to 19.8 per month from pre-to post-intervention periods. The number of HEI increased from 4 to 118.
During the T-PMTCT phase, 526 HIC were enrolled over 24 months, with a slight increase in the rate of enrolment from 19.8 to 21.9 patients per month. However, the addition of PMTCT activities resulted in a greater than seven-fold increase in the average number of HEI enrolled per month Overall, during the three years following the introduction of the Tingathe intervention, a total of 2545 new paediatric patients, 764 HIC and 1781 HEI, were newly enrolled at the three participating clinics. Figure 2a depicts total enrolment and Figure 2b depicts rates of enrolment as described above.
Characteristics of HEI at enrolment
Characteristics of the patients who were HIV-exposed at enrolment are presented in Table 3 .
Over the three time periods, the median age of enrolment of HEI decreased from 7.0 months (MO) to 5.2 months (T-Basic) to 2.5 months (T-PMTCT); p B0.001. Over 99% of HEI had at least one PCR done. No positive PCR results were seen during the MO period, with 5 (4.5%) and 97 (5.9%) children testing PCR positive during the T-Basic and T-PMTCT periods, respectively.
Characteristics of HIC at enrolment
Characteristics of the children who were HIV-infected (HIC) at enrolment are presented in Table 4 [36].
During the MO phase, the median age of enrolment was 2.1 years with 73% of staged patients WHO III or IV and 53.3% of those with a CD4 cell count having advanced or severe immunosuppression. During the T-Basic phase, the median age was 3.9 years with 37.8% of staged patients WHO III or IV and 57.0% of those with a CD4 cell count having advanced or severe immunosuppression. During the T-PMTCT phase, the median age was 5.0 years with 42.6% of staged patients WHO III or IV and 45.0% with a CD4 cell count having advanced or severe immunosuppression. Over the three time periods, the median age of enrolment increased from 2.1 years (MO) to 3.9 years (T-Basic) to 5.0 years (T-PMTCT); p 00.016 for the global comparison.
Total enrolment and mechanism of identification for HIC By February 2011, a total of 866 HIC were receiving care at the three combined clinics, a 23-fold increase from 2008. Of these, 764 (88.2%) were known to be HIV-infected at enrolment into care. Another 102 (11.8%) were HEI at enrolment, but were later found to be HIV-infected by DNA PCR. Although, as described above, the rate of new enrolment of HIC did not significantly increase from T-Basic to T-PMTCT, when including those enrolled as HEI who later tested PCR positive, the rate of total enrolment did increase from 20.3 per month during T-Basic to 26.0 during T-PMTCT. Figure 3 depicts the mechanism of identification for the 866 total HIC enrolled into care during the T-Basic and T-PMTCT phases at the three health centres.
HIV testing with rapid tests identified 321 HIC (37%); 102 (12%) were enrolled as HEI but later found to be HIVinfected by PCR; 35 (4%) were referred with a positive PCR test directly from EID services; 146 (17%) were transferred from the Baylor Centre of Excellence or other healthcare facilities; 253 (29%) were identified through positive linkage; and 9 (1%) were identified by other means.
Discussion
Similar to other countries in the region, identification and enrolment into care of HEI and HIC has been a major challenge in Malawi. Approximately 83,000 HIV-positive pregnant women deliver each year [39] but only 24,682 infants were tested using PCR in 2011 [40] . Roughly 36% of the 180,000 children estimated to be HIV-infected are receiving ART [8, 41] .
Our work demonstrates that strategies utilizing CHWs can improve identification and enrolment into care of HEI and HIC. We used a multipronged approach combining traditional health-centre-based testing, home-based testing, testing children of adults on ART, positive linkage for patients with known HIV-infected status but not in clinical care and follow-up of mother-infant pairs from PMTCT services. Although several studies have demonstrated the utility of home and community-based testing for adults [18,20,29Á32,34] , this is one of the first to describe such an approach with children [42] .
Following the addition of CHW support of HIV-positive pregnant women from diagnosis at antenatal clinic, there was a dramatic improvement in HEI enrolment; with a greater than seven-fold increase in average rate of monthly HEI enrolment, and earlier median age of enrolment for the infants.
This finding supports results from other studies demonstrating improved follow-up of HEI with integration of PMTCT and EID services [43, 44] . Earlier enrolment is critical given the urgency of timely diagnosis of HIV infection as a first step to prompt ART initiation. Indeed, a recent study from South Africa demonstrated that a majority of HIV-infected infants had already progressed to advanced HIV disease by three months of age, suggesting that ART initiation needs to happen even earlier to prevent severe disease progression and increase the odds of starting ART at an optimal health state [45] .
Our results also demonstrate the impact of a comprehensive strategy for identification of HIC. Of the 764 HIC newly enrolled into care during the observation period, only 321 were found directly through HIV testing. The remainder either transferred in from other facilities or were children with known HIV status but not in clinical care, found through the process we refer to as positive linkage. These results suggest that although diagnosis and identification of unknown 
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. This increase likely reflects improved enrolment of HEI, resulting in fewer young children with an HIV-infected diagnosis at enrolment, and more effective PMTCT service delivery resulting in fewer infections overall [23] . The addition of PMTCT activities did not have a significant impact on new enrolment of HIC. This was not surprising, as the case finding strategies for HIC did not change dramatically from T-Basic to T-PMTCT. In fact, case finding likely became more challenging as the easy to find cases had already been enrolled. However, the dramatic increased enrolment of HEI following the addition of PMTCT support services not only increased the number of HEI in care but also the total number of HIC. During the T-PMTCT period, of 1667 HEI enrolled, 97 had a positive PCR. As a result, the rate of total enrolment of HIC increased from 20.2 per month during T-Basic to 26.0 during T-PMTCT. By February 2011, a total of 866 HIC were receiving care at the three combined clinics, a 23-fold increase from 2008.
Our results suggest a significant unmet need for HIV testing of children in high-prevalence settings like Malawi. All of the children within our testing cohort had an indication for testing such as a parent being infected, being an orphan or a specific request from a guardian for testing. With a median age greater than four years at enrolment, the majority should have been screened through the PMTCT and EID programmes. However, the majority were being tested for the first time. These results are similar to those from a survey conducted in Blantyre, Malawi, that found greater than 80% of children of adult patients on ART had not been tested [46] .
Our study also demonstrates that while a higher HIV prevalence was seen in health-centre-based testing, the overall yield of the home versus health-centre-based testing strategies was comparable because the absolute number tested through home-based testing was four times higher than through health-centre-based testing. The children identified through the home-based strategy may have been found earlier in their disease course, but further studies are necessary to compare clinical characteristics and outcomes of children identified through these strategies. Both strategies will be important for a comprehensive approach to identification and enrolment of HIC that includes provider-initiated testing and counselling, screening at immunization clinics, and school-based campaigns [20, 21] . Our overall testing yield of 4.6% demonstrates that our approach can be effective and an efficient use of limited resources.
There are several limitations to the data in this report. The Tingathe programme utilized multiple concurrent identification strategies and did not track exactly where and how each newly registered patient was identified. For example, in our data collection forms we grouped health centre testing and did not track if the testing was done at tuberculosis clinic, malnutrition clinic or through routine voluntary counselling and testing. Similarly, for positive linkage, we did not track exactly where each patient was found or how they were originally diagnosed. Moving forward, the programme will more closely record the mechanism of identification for all newly enrolled patients, thereby providing opportunities for more detailed analysis. Prospective studies evaluating the yield, cost and clinical outcomes of the individual strategies are also needed. At the time of our study, our programme was one of the few in Malawi that routinely provided longitudinal care for HEI and pre-ART patients. As such, there were no contemporary control groups with which to compare our intervention. The rise in patient enrolment could potentially reflect broader national improvements in EID and paediatric HIV testing. However, several observations support our assertion that the increase in patient enrolment was mainly due to our programmatic activities. First, the number of paediatric patients on ART rose more than 10-fold at the three participating clinics from 2007 to 2011. During this same period, nationally, the number only doubled [37, 47] . Furthermore, we have previously reported that at our sites over 80% of all children born to HIV-positive mothers received DNA PCR HIV testing, compared to less than 25% nationally [23, 37] . Based on this evidence, we feel the dramatic and immediate increase in patient enrolment following the implementation of our programme strongly supports the efficacy of our approach.
Conclusions
In summary, this report is one of the first to describe a comprehensive approach to case finding, demonstrating that a multipronged approach utilizing CHWs can dramatically improve identification and enrolment into care of HEI and HIC. This is an area that urgently warrants attention. In the quest for ''virtual elimination'' of paediatric HIV, much international attention has been focused on the laudable goal of reducing mother-to-child transmission of HIV [48] . However, even if the ambitious UNAIDS goal of reducing the number of new HIV infections among children by 90% is reached [1] , tens of thousands of HEI will continue to be infected every year in high-burden countries. As efforts to eliminate new paediatric HIV infections push forward, effective systems to promptly identify and care for HEI and HIC also need to be developed and implemented.
